A common concern with many autoimmune diseases of unknown etiology is the extent to which tissue T-lymphocyte infiltrates, versus a nonspecific infiltrate, reflect a response to the causative agent. Lyme arthritis can histologically resemble rheumatoid synovitis, particularly the prominent infiltration by T lymphocytes. This has raised speculation about whether Lyme synovitis represents an ongoing response to the causative spirochete, Borrelia burgdorferi, or rather a self-perpetuating autoimmune reaction. In an effort to answer this question, the present study examined the repertoire of infiltrating T cells in synovial fluid from nine Lyme arthritis patients, before and after stimulation with B. burgdorferi. Using a highly sensitive and consistent quantitative PCR technique, a comparison of the T-cell antigen receptor (TCR) ␤-chain variable (V␤) repertoires of the peripheral blood and synovial fluid showed a statistically significant increase in expression of V␤2 and V␤6 in the latter. This is remarkably similar to our previous findings in studies of rheumatoid arthritis and to other reports on psoriatic skin lesions. However, stimulation of synovial fluid T cells with B. burgdorferi provoked active proliferation but not a statistically significant increase in expression of any TCR V␤, including V␤2 and V␤6. Collectively, the findings suggest that the skewing of the TCR repertoire of fresh synovial fluid in Lyme arthritis may represent more a synovium-tropic or nonspecific inflammatory response, similar to that occurring in rheumatoid arthritis or psoriasis, rather than a specific Borrelia reaction.
Since its first description in 1977, Lyme disease has become the most common vector-borne disease in the United States (9, 45) . The causative agent, the spirochete Borrelia burgdorferi, is transmitted to humans by Ixodes ticks (8, 40) . Infection can result in a distinct rash, erythema migrans, and cardiac, neurologic, and rheumatic manifestations (39, 41, 42, 45) . If appropriate antibiotic treatment is delayed or inadequate, chronic inflammation can ensue (9, 13, 41, 45) . In such individuals, it has been possible to occasionally detect the persistence of B. burgdorferi, either by culture (5, 40) , the use of special stains (6, 36, 43) , or, more recently, PCR (29) .
The significance of the immune response in the pathogenesis of Lyme disease is unclear (35) . The early cardiac and synovial lesions of Lyme borreliosis in mice may result from an infiltration, primarily by macrophages (3) . This is supported by the development of certain features of Lyme disease in scid mice (33) . However, chronic phases of the disease are frequently accompanied by lymphocytic infiltration of particular tissues (16, 26, 43) . Several lines of evidence point to a role for lymphocytes in Lyme arthritis. HLA-DR4 patients that develop antibodies to outer surface protein A (OspA) tend to have a more severe form of arthritis that is resistant to antibiotics (19) . Additional findings indicate that T lymphocytes specifically contribute to chronic Lyme arthritis. These findings include the presence of activated T cells in the inflamed synovium (43) , a strong proliferative response of Lyme arthritis synovial T cells to B. burgdorferi (34) , a possible genetic predisposition associated with HLA class II genes (44, 46) , and the use of therapies for chronic Lyme arthritis that at least partially inhibit T-cell function (9, 45) . In this regard, Lyme disease may represent a paradigm of an infection-induced autoimmune syndrome.
Striking biases in the repertoire of the T-cell antigen receptor (TCR) have been noted in a number of autoimmune conditions. This is most remarkably demonstrated with experimental autoimmune encephalomyelitis in certain strains of mice and rats, in which the induction of disease is dependent on myelin basic protein-specific T cells that utilize a restricted pool of TCR ␣-chain variable (V␣), J␣, and V␤ gene segments (54) . Similar, if somewhat less dramatic, findings have been reported for a variety of human autoimmune diseases, including rheumatoid arthritis (12, 15, 18, 30, 37, 51) , psoriasis (27, 49) , multiple sclerosis (52) , inflammatory bowel disease (4), sarcoidosis (17), Sjögren's syndrome (47) , and Kawasaki's disease (1, 2) . Since many of these studies selectively examined biased V␤ expression, the possibility of a role for superantigens was invoked. However, the lesson from experimental autoimmune encephalomyelitis illustrates that in some situations, profound V␤ bias toward traditional antigen-major histocompatability complex formation can occur.
Lyme arthritis represents a unique circumstance among human diseases dominated by T-cell infiltration, in that the inciting agent is known. In this capacity, Lyme arthritis can serve as a model when attempting to correlate a TCR bias with a response to B. burgdorferi. We have examined TCR V␤ expression in nine cases of Lyme arthritis by using a highly sensitive and consistent quantitative PCR assay. Compared to peripheral blood lymphocytes (PBL) from the same patient, freshly isolated synovial fluid T cells showed a significant bias toward V␤2 and V␤6, the same bias that we observed earlier in rheu-matoid arthritis (12) . However, stimulation of synovial fluid lymphocytes with a sonicate of B. burgdorferi did not evoke an increase in any given TCR V␤, including V␤2 or V␤6. The findings support the view that the inciting agent in Lyme arthritis does not directly provoke the TCR bias observed in fresh synovial fluid.
MATERIALS AND METHODS
Patient population. Nine Lyme arthritis patients with a clearly established diagnosis were selected. The patients were followed at either Yale University, the University of Medicine and Dentistry of New Jersey's Robert Wood Johnson School of Medicine, or The University of Vermont. Each patient lived in an area in which Lyme disease is endemic, had a typical exposure history, and manifested a positive Lyme antibody titer by enzyme-linked immunosorbent assay that was frequently higher in synovial fluid than in serum. In addition, all patients had serum antibodies to B. burgdorferi, as determined by Western blotting. Two patients had exhibited erythema migrans, as determined by history or physician observation. The duration of arthritis varied from 3 days to 7 years. Synovial fluid was obtained from patients who required therapeutic arthrocentesis or synovectomy. Matched peripheral blood specimens were obtained whenever possible. All patients had received antibiotics prior to specimen collection. Repeat arthrocentesis or synovectomy was not indicated for these patients, and thus serial samples were not available.
HLA class II oligotyping by PCR. Allele-specific oligonucleotides, selected to distinguish various DRB allele specificities (28) , were synthesized on a DNA synthesizer (Applied Biosystems, Foster City, Calif.). The 3Ј ends of these products were then poly(T) tailed by the procedure of Saiki et al. (32) with slight modifications, blotted onto nylon membranes, and UV cross-linked to the membranes. Approximately 0.25 g of patient DNA was amplified with DRB-specific primers (17a) and digoxigenin-labeled dUTP (Boehringer Mannheim, Indianapolis, Ind.). The amplified PCR product was hybridized to the prepared oligoblots, and positive reactions were visualized as a colored precipitate.
Isolation and surface phenotyping of mononuclear cells. Mononuclear cells were isolated from heparinized PBL and synovial fluid by density gradient centrifugation over Ficoll-Hypaque (Histopaque; Sigma, St. Louis, Mo.). Mononuclear cells were phenotyped by using antibodies to (i) CD4 conjugated to phycoerythrin, (ii) CD8 conjugated to fluorescein isothiocyanate (Becton Dickinson, Mountain View, Calif.), (iii) TCR-␣␤ (courtesy of Michael Brenner, Harvard Medical School, Boston, Mass.), or (iv) CD45RO (a gift of Peter Beverly, University College, London, United Kingdom). Cells (10 6 ) were stained in a volume 100-l at 4°C for 30 min, washed, and fixed in 2% paraformaldehyde in phosphate-buffered saline. Flow cytometric analysis was performed with a Coulter Elite flow cytometer (Coulter Corp., Hialeah, Fla.).
Preparation of B. burgdorferi sonicate. High-passage B. burgdorferi B31 (New York isolate; ATCC 35210) and low-passage strain NFST 1 (Nantucket tick isolate; a gift of Richard Pollack and Andrew Spielman, Harvard School of Public Health) cells were grown in Barbour-Stoener-Kelly II medium (23) at 33°C to a concentration of 1 ϫ 10 7 to 5 ϫ 10 7 organisms/ml. Spirochetes were centrifuged at 10,000 ϫ g and 10°C for 15 min, washed three times in phosphatebuffered saline, enumerated by darkfield microscopy, and sonicated five times for 30 s each. After the resulting sonicate was filtered (0.45-m-pore-size filter), the protein concentration was determined by optical density, and it was stored at Ϫ90°C.
Proliferation of mononuclear cells upon exposure to B. burgdorferi. Mononuclear cells were plated at 5 ϫ 10 4 /well in 96-well plates containing serum-free medium (AIM-V; GIBCO, Grand Island, N.Y.) with or without B. burgdorferi sonicate (3 g/ml). Plates were incubated for 5 days and then pulsed with 1 Ci of [ 3 H]thymidine per well for the final 20 h before harvesting and counting. For bulk synovial lymphocyte cultures, cells were plated at 5 ϫ 10 5 /ml in serum-free AIM-V medium in the absence of exogenous interleukin-2 and stimulated with 3 g of B. burgdorferi sonicate per ml. Cells received fresh medium and were expanded as necessary. After 1 week, the cells were used for the preparation of RNA and cDNA for quantitative PCR of TCR V␤.
RNA extraction and cDNA preparation. RNA was extracted by a modification of the method of Chomczynski and Sacchi (11) . Briefly, 2.5 ϫ 10 6 cells were extracted in 400 l of 4 M guanidinium thiocyanate. Sequentially added to the extract were 1/10 volume of 2 M sodium acetate (pH 4), 1 volume of H 2 Osaturated phenol, and 1/5 volume of chloroform-isoamyl alcohol (49:1). After centrifugation, the upper aqueous layer was precipitated in 70% ethanol, resuspended in diethyl pyrocarbonate-treated water, washed in chloroform-isoamyl alcohol, and reprecipitated in 70% ethanol in the presence of 0.3 M sodium acetate. The air-dried pellet was resuspended in diethyl pyrocarbonate-treated water, and the RNA concentration was calculated by determining the absorbance at 260 nm. cDNA was prepared by incubating 5 g of RNA in the presence of 50 mM Tris HCl (pH 8. curve that was derived by using serial dilutions of cDNA from phytohemagglutinin (PHA)-stimulated PBL. The standard curve of counts incorporated into the C␣ product per minute was linear for RNA quantities from 0.001 to 0.033 g, as previously shown (12) . The C␣ concentration in the sample was assigned a unit value equal to the amount of RNA in the standard. In preliminary experiments, we found that between 5 and 10 ng of RNA was sufficient to detect each V␤ gene product. The V␤ PCR assay was a modification of the method of Labrecque et al. (21) . For each sample, the different V␤s were amplified with a 5Ј V␤-specific primer and a common 3Ј C␤ primer. 5Ј and 3Ј C␣ primers were included in each reaction tube as an internal control. The oligonucleotide sequences of the primers for C␣ were as follows: 5ЈC␣, 5Ј-GCATGTGCAAACGCCTTCAACAACA GC-3Ј; and 3ЈC␣, 5Ј-AGCCGCAGCGTCATGAGCAGATTAAACCCG-3Ј. The oligonucleotide primers for the V␤1 to V␤20 gene families were from Choi et al. (10) , and the primers for V␤21 to V␤24 were from Labrecque et al. (21) . The sequence of the reverse primer 3ЈC␤ is 5Ј-TCTACCCCAGGCCTCGGCG CTGACGAT-3Ј. A PCR master mix was prepared to minimize pipetting error. This mix included 100 mM Tris-HCl (pH 8.3), 500 mM KCl, 2 mM MgCl 2 , 200 M each dNTP, 25 pmol of 3ЈC␤ primer per sample, 8.25 pmol each of the 5ЈC␣ and 3ЈC␣ primers, 2.2 Ci of [␣-32 P]dCTP (NEN, Wilmington, Del.), and 2.5 U of DNA polymerase (Perkin-Elmer, Norwalk, Conn.). The final volume of each tube was 100 l and contained the predetermined amount of the sample cDNA and 25 pmol of an individual V␤ primer. In preliminary experiments, we determined that the accumulation of the TCR ␤ product was the same in the presence or absence of the C␣ primers. The number of amplification cycles considerably affected the sensitivity and accuracy of the assay. We previously determined that, given the concentration of reagents used, C␣ counts per minute and V␤ amplification would begin to plateau after 26 and 30 cycles, respectively (12) . However, a minimum of 22 cycles was needed to reproducibly detect signals from 26 V␤s in a PBL control sample. As a result, 24 PCR cycles were used in the assay so that both the C␣ and V␤ signals would be in the linear portions of their amplification curves. The PCR cycles were as follows: cycle 1, 94°C for 3 min, 50°C for 45 s, and 72°C for 1 min; cycles 2 to 23, 94°C for 30 s, 50°C for 45 s, and 72°C for 1 min; and cycle 24, 94°C for 30 s, 50°C for 45 s, and 72°C for 7 min.
The PCR products were separated by electrophoresis at 80 V for 18 h on a 29-cm-long 10% acrylamide gel in a buffer system of 7 M urea in Tris-borate-EDTA buffer. The gel was dried and analyzed for radioactivity in a Betascope 603 blot analyzer (Betagen, Waltham, Mass.). Pipetting errors or problems with the PCR were readily identified by comparing the counts incorporated into the C␣ product per minute for each tube. The relative frequency of each V␤, expressed as a percent of the total, was calculated by the following formula: [(V␤ counts per minute Ϫ background counts per minute)/(C␣ counts per minute Ϫ background counts per minute)] ϫ [100/(sum of V␤/C␣ ratios)].
Statistical analysis. Two approaches were used to compare the V␤ gene usages of the synovial fluid and peripheral blood T cells. The t statistic was used to determine if the ratio of each V␤ in synovial fluid samples before and after stimulation with B. burgdorferi for 1 week was different from 1, and the paired t test was used to determine if there were significant differences between the absolute V␤ percentages in fresh and in cultured synovial fluid T cells. The normality of the distributions of the V␤ gene frequencies in synovial fluid and PBL were tested by using the correlation coefficient test based on Blom's plotting position (24) .
RESULTS
Lyme arthritis synovial fluid T cells bear an activated phenotype and proliferate when exposed to B. burgdorferi. Nine patients who had a clearly established diagnosis of Lyme arthritis were studied. The demographics of the patients are shown in Table 1 . The duration of arthritis varied from 3 days to 7 years. It is interesting that only two patients (22%) were HLA-DR4 positive, approximating the frequencing in the general population (48) . This contrasts markedly with our rheumatoid arthritis population, which was 71% DR4 positive (12) , in agreement with other studies (38) .
Sufficient freshly isolated synovial fluid T cells were obtained from the Lyme arthritis patients to permit the analysis of surface phenotype as well as to test the proliferative response to Fig. 1 , Lyme arthritis synovial fluid T cells expressed prominent levels of the memory cell marker CD45RO, consistent with the notion that this population has been previously activated in vivo. A T-cell proliferative response to a sonicate of B. burgdorferi was observed in each of the Lyme arthritis synovial fluid samples and was striking in some ( Table 2 ). The response of PBL from these patients to B. burgdorferi has been reported previously (31) , and while prominent, it was not markedly different from that of normal individuals and was considerably weaker than the response of synovial fluid T cells from the same individual. No significant response to B. burgdorferi has been observed for three synovial fluid specimens from patients with rheumatoid arthritis (30a, 31) .
B. burgdorferi. As shown in
Parameters of quantitative PCR for TCR V␤. To establish parameters for a quantitative PCR that would provide a sensitive and consistent determination of TCR V␤ usage, several variables were investigated. These are detailed in Materials and Methods. Some of these variables (e.g., cDNA titration and cycle number) have been recently described for a similar study on rheumatoid synovial T cells (12) and are consequently not repeated here. As an initial test of the sensitivity and accuracy of the quantitative PCR assay, a sample of normal PBL was analyzed following activation with either PHA for 42 h or Staphylococcus enterotoxin B (SEB) for 5 days. Figure  2A shows the actual gel on which the PCR products of the PHA-activated PBL were resolved. The upper bands represent the individual V␤ products, each of which is paired with a lower C␣ band that was coamplified in the same tube as an internal control for amplification. Figure 2B illustrates the derived percentages (see Materials and Methods) of each of the 26 V␤s examined, comparing PHA and SEB stimulation. Consistent with other reports (10, 20) , PBL activated with PHA showed little difference from fresh PBL, manifesting a prominent expression of V␤2, V␤3, V␤6, V␤7, and V␤13.1. In contrast, stimulation with SEB provoked a selective increase in V␤3 and, to a lesser extent, V␤6, V␤14, V␤17, V␤19, and V␤22, in general agreement with the data of Choi et al. (10) . The magnitude of the selective V␤ increases (1.3-to 1.5-fold) that we observed after SEB stimulation are worth noting for later comparison with the differences in V␤ percentages of synovial fluid T cells and PBL.
An assessment of the consistency of the PCR assay was next performed, using the same cDNA sample derived from normal PBL, by amplifying it on four separate occasions at monthly intervals. Figure 2C shows an example of the results of PCR with the first 10 V␤ primers. The standard deviation was less than 10% for each V␤. This was repeated on two additional occasions, with the entire panel of 26 V␤ primers, with similar results (Fig. 2D) . Thus, the TCR V␤ quantitative PCR was both highly consistent and very sensitive.
As shown in Fig. 3 , the TCR V␤ repertoire of PBL from patients with active Lyme arthritis did not differ significantly from that of PBL from normal individuals, either when freshly isolated or after stimulation with B. burgdorferi for 7 days. In addition, Borrelia stimulation did not provoke any striking shift in the T-cell V␤ repertoire of PBL from normal individuals or 
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T-CELL RECEPTOR REPERTOIRE IN LYME ARTHRITISLyme arthritis patients. This would argue against a superantigen response to B. burgdorferi, which is consistent with our earlier observation that Borrelia-specific T-cell clones are restricted in their response to self-HLA molecules (31) . The assay was then applied to a series of Lyme arthritis synovial fluid samples, both freshly isolated and after stimulation with B. burgdorferi. TCR V␤ bias of synovial fluid T cells toward V␤2 and V␤6, compared to that of PBL. Two statistical comparisons of the V␤ repertoire were made between T-cell populations in Lyme arthritis. The first comparison was between PBL and freshly isolated synovial fluid T cells from the same patient. This was possible for six patients. The second comparison was between synovial fluid T cells before and after stimulation with B. burgdorferi for 7 days. This was possible for all nine patients. Comparisons were made using two approaches that we have previously applied to a similar analysis of the rheumatoid arthritis synovial fluid T-cell repertoire (12) . The first considered the ratio of each V␤ in the two populations. As this might bias results toward seeing significant changes from small differences in V␤ that are not highly expressed, a second method evaluated the absolute differences for each V␤ between the two populations being compared. In this instance, only those V␤s with a mean absolute difference of Ͼ1% were considered for statistical significance. The results of the two methods were comparable, and hence only the absolute differences are shown. All V␤s were detectable in each of the PBL and synovial fluid samples.
An example of a comparison of V␤ usage between PBL and fresh synovial fluid is shown in Fig. 4 for patient 8, and the absolute differences for each V␤ for the six patients are summarized in Table 3 . The P values, based on the paired t test, for the mean V␤ percentages of all six patients were determined. These results revealed that in synovial fluid only V␤2 and V␤6 were seen at a statistically increased frequency ( Table 3 ). The findings bear remarkable similarity to our findings in studies of rheumatoid arthritis, where V␤2 and V␤6 were also statistically significantly increased in synovial fluid relative to PBL (12) . Although there was insufficient sample material in the specimens to separate synovial fluid lymphocytes into CD4 ϩ and CD8 ϩ subsets, it is unlikely that the bias represents merely a skewing of the CD4/CD8 ratio in synovial fluid. We have previously determined that V␤2 and V␤6 are slightly more common in CD4 ϩ cells than in the CD8 ϩ subset (12) , and yet the proportions of CD4 ϩ and CD8 ϩ cells were either similar to PBL (in five patients) or biased toward CD8 ϩ cells (in 4 patients) ( Table 2) .
Borrelia stimulation of synovial fluid T cells does not result in a statistically significant increase in expression of any particular TCR V␤. The parallels in the TCR V␤ repertoires of synovial fluid from Lyme arthritis patients and rheumatoid arthritis patients suggested that the V␤ bias of freshly isolated Lyme arthritis synovial fluid might not reflect a response specifically to B. burgdorferi as much as a possible synovium-tropic or nonspecific inflammatory response. This was supported by further analysis of the synovial fluid T-cell repertoires before and after Borrelia stimulation. Culture of synovial fluid with B. burgdorferi for 7 days produced no consistently increased expression of a given TCR V␤ that was statistically significant. This is illustrated for patient 4 in Fig. 5A and summarized for nine patients in Table 4 . Although V␤13.1 was the most consistently increased V␤, its P value (0.060) was below the level of significance.
DISCUSSION
The TCR V␤ repertoire of fresh synovial fluid T lymphocytes from Lyme arthritis patients manifests a bias compared to that of PBL, with a statistically significant increase of V␤2 and V␤6. Particularly striking was the consistency with which this skewing was observed despite the heterogeneous HLA phenotypes of the patients. Of further interest is that our previous comparison of the TCR V␤ repertoires of synovial fluid and PBL from rheumatoid arthritis patients also revealed an increase of V␤2 and V␤6 in synovial fluid (12) . At least three additional studies of rheumatoid arthritis have also revealed an increased expression of V␤2 and/or V␤6 in synovial fluid (14, 18, 20) . The present study represents the first analysis of this type for Lyme arthritis. Conceivably, this TCR V␤ pattern may represent a synovium-tropic bias or an inflammatory response rather than a skewing provoked by a reaction to the inciting agent.
Several modifications were incorporated into the quantitative PCR assay to optimize the sensitivity and consistency of detecting TCR V␤ products. First, internal labeling with [␣-
32 P]dCTP increased the sensitivity 1 log over that of primer labeling. Second, amplified products were counted directly from gels, with no further blotting or hybridizations that might introduce additional variables. Third, inclusion of an internal control C␣ PCR amplification for each sample allowed the determination of the uniformity of each reaction and hence the relative amounts of the TCR V␤ product amplified with each V␤ primer. The relative expression of each V␤ gene family member is proportional to both the amount of V␤ mRNA in the sample and the V␤ primer efficiency, the latter possibly varying with the different V␤ primers used. Thus, the assay does not necessarily provide an absolute measure of the percentage of T cells bearing a particular V␤. However, since the experimental design of this study was a comparison of the TCR V␤ repertoires of simultaneously analyzed samples, valid conclusions regarding these comparisons can be drawn.
Each of the synovial fluid samples for which sufficient material was available manifested a proliferative response to B. burgdorferi. We have not observed such a response for synovial fluid samples from rheumatoid arthritis patients (31) . The presence of B. burgdorferi in the synovium of Lyme disease patients has been previously documented by histologic staining (43) and, more recently, by PCR (29) . This suggests that Fig. 3) . Second, an analysis of six Borrelia-reactive T-cell clones from PBL of an individual yielded a diverse V␤ repertoire, including V␤3, V␤6, V␤7, V␤17, and V␤21. Finally, a study of V␤13.1-positive synovial clones derived from one Lyme arthritis patient manifested no Borrelia-specific response (30a). Thus, the T-cell repertoire responding to B. burgdorferi is diverse and not restricted to V␤13.1; additionally, we have not observed a bias toward V␤5.1, as suggested by a previous analysis of Borreliareactive T-cell clones from a single Lyme arthritis patient (22) . The above information, combined with the increased expression of V␤2 and V␤6 in synovial fluid of rheumotoid arthritis patients, argues against a response to B. burgdorferi as the explanation for the skewed TCR repertoire of fresh synovial fluid. One possibility is that a synovial-tissue-specific response by T cells might select for V␤2 and V␤6. Consistent with this model is an ongoing comparison of the T-cell repertoires of PBL and synovial fluid from six patients with psoriatic arthritis and two individuals with reactive arthritis. Thus far, only V␤6 is consistently elevated in the synovial fluid from all paired samples (30a). If V␤2 and V␤6 T cells have indeed been chronically stimulated in the synovium, they might be functionally anergic when further attempts at in vitro activation are made. The diminished cloning efficiency of synovial T cells in rheumatoid arthritis has been well described (25) . This could result in the in vitro overgrowth by nonanergic T cells bearing other TCRs, as was seen with the emergence of V␤13.1 upon Borrelia stimulation.
An alternative explanation for the dominance of V␤2 and V␤6 in fresh synovial fluid is that this results from nonspecific infiltration into an inflamed tissue without there necessarily being a reaction to any tissue component. V␤2 and V␤6 could predominate in tissues simply because they dominate the normal TCR repertoire in PBL. In this scenario, B. burgdorferi might initiate an early antigen-specific response that is rapidly eclipsed by a nonspecific inflammatory response. Similar TCR V␤ spreading with time has been noted in autoimmunity models, such as in lymphoid infiltrates in the pancreatic islets of NOD mice and in the central nervous system in experimental encephalomyelitis (7, 53) . Consistent with this view, V␤2 and V␤6 are also prominent in psoriatic skin lesions (27, 49) . Determination of whether the V␤2 and V␤6 bias in synovial fluid represents an antigen-driven response or a nonspecific influx might be achieved through further analysis for selective oligoclonal expansion using single-stranded conformational polymorphism spectrotyping and sequencing. In this regard, preliminary analysis of the TCR repertoire in rheumatoid arthritis has demonstrated a slight oligoclonality of V␤2 sequences in synovial fluid compared to PBL (30a).
The presence of TCR V␤ skewing at sites of inflamed tissues raises the issue of a possible response to a superantigen. In this regard, we previously observed that PBL from normal individuals, with no previous exposure to B. burgdorferi, nonetheless manifested prominent T-cell proliferative responses to a Borrelia sonicate (31) . This response was independent of the HLA-DR haplotype of the individual, and it was sensitive to protease digestion of B. burgdorferi. While both of these observations are features inherent to superantigen responses, other aspects of this response did not support a superantigen model. In almost all cases, a panel of Borrelia-responsive Tcells clones exhibited restriction to self-HLA-DR molecules (31) . This is in agreement with the findings of Lahesmaa et al. (22) , who observed that 41 of 43 B. burgdorferi-reactive T-cells clones derived from a single Lyme arthritis patient were restricted to autologous HLA class II alleles. Similarly, we have not observed any consistent TCR V␤ bias following Borrelia stimulation of peripheral blood T cells from either normal individuals or Lyme arthritis patients. On balance, the information to date does not strongly support the existence of a superantigen within B. burgdorferi.
Mechanisms other than superantigens might also contribute to selective V␤ bias. For example, ␥␦ T cells are prominent in Lyme arthritis synovial fluid samples and expand in response to B. burgdorferi (50) . Through production of particular cytokines or by selective cytolytic activity, the ␥␦ T cells might favor the survival of particular T-cell subsets. Thus, a variety of immuneregulatory responses may be responsible for the T-cell repertoire bias in the synovium of a Lyme arthritis patient. However, given our knowledge of the causative organism, it should be possible to dissect these components.
